Abstract This study investigated the effect of NaCl (2 and 4% (w/v)) and vacuum impregnation (VI) (150, 200, 250, and 300 Pa) on the quality parameters (water uptake, elongation ratio, visual color, and texture), tocols, coryzanol and phenolic compounds of parboiled rice. Parboiling with NaCl and VI resulted in increased lightness and higher concentrations of bioactive compounds than rice parboiled by the traditional method. The highest concentration of tocopherols, c-oryzanol, and phenolic acids (syringic, and ferulic acids) were obtained from parboiled rice with NaCl concentration at 2% (w/v) and VI at 250 and 300 Pa. As the NaCl concentration and VI levels increased the hardness L*, b* and DE values also increased, but the a* value and water uptake decreased. Results suggested that NaCl-VI soaking was observed to be an effective method for parboiling which promoted the visual color and enhanced the concentration of bioactive compounds in the parboiled rice.
Introduction
Glutinous rice (Oryza sativa L.) is popular rice type in Thailand for both domestic consumption and export due to its superior qualities of fineness, aroma, taste and protein content. It also contains very high quantities of bioactive components such as tocopherols, tocotrienols, c-oryzanol and phenolic compounds especially in the outer pericarp and aleurone layers covering the grains (Loypimai et al. 2009) . A number of researchers have revealed that these compounds are beneficial for human health (Qureshi et al. 2000; Tiwari and Cummins 2009) .
Parboiling is an alternative technique to preserve nutritional value and enhances the functional properties and organoleptic quality of rice (Sareepuang et al. 2008) . Traditionally, the parboiling process consists of three main steps: soaking the rough rice in water until the kernels are saturated, gelatinization of the rice starch by steaming and finally dehydrating the gelatinized rice kernels to a moisture content suitable for milling or storage (Heinemann et al. 2005; Sareepuang et al. 2008; Ayamdoo et al. 2013) . Among these processes, soaking is the most critical step because it takes a long time (*24-48 h) to reach the appropriate moisture content of the grains (Thammapat et al. 2016) . As a result of the soaking step, fermentation occurs with odor development, loss of soluble nutritional substances, microbial growth and discordance (Ali and Ojha 1976) . Therefore, some additional treatments need to be added to prevent spoilage and protect bioactive compound loss during soaking. In this study, sodium chloride (NaCl) as common salt was chosen to add in the parboiling process of rice in order to prevent the growth of spoilage microorganism, foodborne pathogens, improve the taste and also used as a wetting agent. Moreover, the previous study by Thammapat et al. (2015) , also found that adding sodium chloride to prepare the parboiled rice could improves the nutritional value and quality of the cooked rice. However, this technique still has some disadvantages during rice soaking because it is time consuming which may result in microbial growth and enzymatic reactions as a result in losing of color, taste and smell of the parboiled rice.
Vacuum impregnation (VI) is an effective process by which air within the pores is expanded under reduced pressure and the oxygen is removed resulting in extended shelf life of the product (Fito 1994; Betoret et al. 2015) . Successful applications for VI include preventing discoloration of fruit pieces from enzymatic and oxidative browning (Alzamora et al. 2000; Betoret et al. 2015) , improving the salting process of cheese (González et al. 1999) , and enhancing the concentration of ascorbic acid and iron in whole potato tubers (Hironaka et al. 2011; Erihemu et al. 2014) . Previous studies (Bello et al. 2008; Tian et al. 2014) have shown that rice soaking under pressure or vacuum could helped to increase the rate of water diffusion and consequently the soaking time decreased. The color, the texture, and the retrogradation properties of cooked normal rice and waxy rice were also improved by the vacuum soaking (Tian et al. 2014) . Therefore, the development of an economic rice parboiling technique to reduce processing time, while offering high yields of both nutrients and bioactive phytochemicals requires further investigation.
This study, therefore, aimed to investigate the application of NaCl and VI techniques during the soaking step and evaluate the effects on the quality parameters (water uptake, elongation ratio, visual color, and texture), tocols, c-oryzanol, and phenolic compounds in parboiled rice.
Materials and methods

Chemicals and reagents
Standard (±)-a-tocopherol, (?)-d-tocopherol, (?)-c-tocopherol, (?)-c-tocotrienol, p-coumaric acid and syringic acid (Sigma-Aldrich Chemical Co., St. Louis, Mo, USA) were used as references along with HPLC grades of methanol, n-butanol and ethanol (BDH, Poole, UK). cOryzanol standard was purchased from Tsuno Food Industrial Co., Ltd. (Wakayama, Japan). Standards of gallic, caffeic, and ferulic acids were obtained from Fluka Chemie GmbH (Buchs, Switzerland). All other chemicals and reagents used were analytical grade.
Rice material
Glutinous rice (Oryza sativa L. CV. RD6) from the December 2014 harvest was purchased from a rice milling factory in Surin Province, Thailand. The paddy rice was cleaned, placed in a chamber and stored at room temperature for 6 months prior to the experiment. The initial moisture content of the sample was determined using the AOAC method (AOAC 2000) .
Parboiling process of the rough rice
NaCl as a wetting agent and VI were applied for the parboiling of the rough rice. Briefly, 400 g samples of paddy rice were separated from foreign materials and placed into 2 L beakers containing NaCl solution at concentrations of 2 and 4% (w/v) which were then placed into a 30 L vacuum chamber (PolyLab Ò , Thailand) equipped with a vacuum pump (Gast-model DOA-P504-BN-Labmodel, Germany). Four different levels of vacuum pressure (100, 150, 200, and 250 Pa) were applied to accelerate the moisture absorption of the grains to 30 ± 2% (wet basis) (the optimal soaking time obtained from our preliminary study) for 3-4 h depending on the level of vacuum treatment and NaCl concentration (Fig. 1) . Atmospheric pressure was then restored and the samples were kept in solution for 30 min. A vacuum meter placed between the vacuum pump and vacuum chamber was used to measure and control the pressure. The grains was then drained through cheesecloth and the samples covering the cheesecloth were immediately steamed for 15 min at 120°C using an autoclave (HVE-50, Hirayama, Japan) fitted with a pressure gauge (Thammapat et al. 2015) . Before complete gelatinization, the grains were removed from the chamber and dried in a hot air tray dryer (OLM-500, Memmert, Germany) with 70% relative humidity (RH) at 50°C for 12-14 h until the final moisture content of 12 ± 2% (wet basis) was achieved. Following drying, all samples were milled using a rice milling machine (DSA-30A, Au-Sintawee, Thailand) set at 8 ± 1.0% degree of milling. The milled parboiled rice samples were then packed in polyethylene bags and stored in the dark at 4°C until required for analysis. All experiments were performed in triplicates (n = 3) for each treatment. The traditional method was carried out adhering to the procedure previously described by Saif et al. (2004) with some modifications. In short, after cleaning, 400 g of paddy rice was placed in a chamber and soaked in tap water at room temperature (*25°C) overnight (24 h) to increase moisture absorption (approximately *25-30% wet basis of final moisture content). The grains were then drained by hand and steamed in an autoclave (HVE-50, Hirayama, Japan) at 120°C for 15 min. The steamed samples were dried, stored and milled using the same conditions followed for the parboiling method.
Cooking properties
Water uptake
Two grams of rice was cooked with 20 mL water in a 100 mL beaker placed on an electric heater following the procedure described by Sareepuang et al. (2008) . Samples were removed during the cooking time for weighing and water uptake was calculated using the equation.
Water uptake % ð Þ ¼ Weight of cooked rice Weight of raw rice Elongation ratio
The elongation ratio was determined according to the method of Sareepuang et al. (2008) . Briefly, two grams of rice were cooked with 20 mL water in a 100 mL beaker placed on an electric heater. Samples were removed during the cooking process to measure the length and width. The elongation ratio was calculated using the equation:
Elongation ratio ¼ Length of cooked rice Length of raw rice
Color measurement
After milling, the visual color of the samples was measured using a Minolta Chroma Meter CR-300 (Konica Minolta, Japan). The results were represented as L* for lightness, a* for redness or greenness and b* for yellowness or blueness. Total color difference (DE) was calculated.
Texture analysis
Texture profile analysis (TPA) was performed using a texture analyzer (TA-XT2i plus Stable Micro System Ltd., Godalming, UK) following the method reported by Ahmad et al. (2017) with some modifications. After cooking and cooling to approximately 30°C, thirteen grams of each sample were molded into a block using a cylindrical container (50 mm inside diameter and 100 mm height) and then compressed to 50% strain over a fixed distance with a 6-mm diameter cylindrical stainless steel probe. The program was set to move the probe at 1.0 mm/s during the pretest, at 5.0 mm/s during the post-test phases and at 2.0 mm/ s during the test phase. Parameters derived from the twocycle curves of the TPA test were hardness and stickiness.
Extraction and analysis of tocols and c-oryzanol
The extraction of tocols and c-oryzanol from each parboiled rice sample was performed according to our previous method (Loypimai et al. 2009 ). In short, each parboiled sample (3.0 g) was mixed with methanol at a ratio of 1: 10 (%w/v). The mixture was extracted with a sonicator (50% amplitude, 130 W, 20 kHz Vibra cell) for 5 min before centrifuging at 60009g for 10 min. The supernatant was then collected and filtered through a 0.45 lm Whatman nylon syringe filter (GE Healthcare, USA) prior to high performance liquid chromatography (HPLC) analysis. The extracts of tocols (a-tocopherol, d-tocopherol, ctocopherol, c-tocotrienol) and c-oryzanol were analyzed by HPLC using a Shimadzu CL-10 HPLC system (Shimadzu, Japan) equipped with a photodiode array (PDA) detector, autosampler and a 150 9 4.6 mm i.d., 4 lm Phenomenex-C 18 HPLC column (Phenomenex Inc., CA, USA; Gimeno et al. 2001 ). The gradient elution was applied. The mobile phase solvent used was methanol: water: 1-butanol (92: 4: 4 (%v/v)) at a flow rate of 1.0 mL/min for 12 min. After that, the mobile phase was changed to methanol: water: 1-butanol (92: 3: 5, (%v/v)) with a flow rate of 1.5 mL/min within 25 min. The total gradient run time was 25 min before starting the next injection. Other chromatographic conditions used were: an injection volume of 20 lL, column temperature of 45°C, and detection wavelength of 292 nm for (±)-a-tocopherol, (?)-d-tocopherol, (?)-c-tocopherol and (?)-c-tocotrienol and 325 nm for c-oryzanol. Individual compounds were identified based on the retention time and chromatography of the analytical standards.
Extraction and analysis of phenolic acids
Briefly, 0.5 g of each parboiled sample was added to 10 mL of methanol/HCl (100:1, v/v) containing 2.0% butylated hydroxyanisole (BHA) following the method of Uzelac et al. (2005) and Loypimai et al. (2016) with slight modifications. The mixture was extracted by incubating in a shaking water bath at 35°C for 12 h. After centrifuging at 60009g for 5 min, the supernatant was passed through a 0.45 lm Whatman nylon syringe filter (GE Healthcare, USA) to obtain the extract sample, prior to injection into the HPLC system.
The HPLC system consisted of a Shimadzu LC-20AC pump, an autosampler, and a diode array detector (DAD). Twenty microliters of the extract were injected through an Inertsil Ò ODS-3 guard column (ø 4.0 9 10 mm, 5 lm, GL Science Inc., Tokyo, Japan) and separated by Apollo TM C18 analytical column (ø 4.6 9 250 mm, 5 lm, Alltech Ò Associates, Deerfield, IL, USA) at 40°C. The mobile system used was a gradient of solvent A containing acetonitrile/deionized water (2/97.8, v/v) with 0.2% phosphoric acid, and solvent B which was a mixture of acetonitrile/deionized water (97.8/2, v/v) containing 0.2% phosphoric acid, with a flow rate of 0.6 mL/min. The linear gradient started with 20% solvent B, 50% solvent B for 30 min, 60% solvent B for 35 min, and 20% solvent B for 40 min at isocratic elution until 55 min. The results were expressed in lg phenolic acids/g of the parboiled rice sample using the calibration curve of the external standards.
Statistical analysis
Data obtained in all experiments were based on three replications for each treatment and reported as mean values and standard deviations. The statistics (SPSS trial version) employed for data analyses were F-test (oneway ANOVA). Duncan's Multiple Range Test was performed to determine the significant differences between treatments. Statistical significance was declared at P \ 0.05.
Results and discussion
NaCl solution (2 and 4%) as a wetting agent and VI (150, 200, 250 , and 300 Pa) were applied to reduce parboiling process time, improve the quality and increase the concentration of phytochemicals in the parboiled rice. Data were based on our preliminary investigation. The soaking times to obtain suitable moisture content of rice grains in NaCl solution and VI were *3-4 h (Fig. 1) . The optimal time for each condition was used. The effects of NaCl and VI on the quality parameters (water uptake, elongation ratio, visual color and texture), tocols, c-oryzanol and phenolic compounds of parboiled rice were investigated and results were compared with parboiled rice obtained using the traditional method.
Effect of NaCl and VI on water uptake and elongation Elongation ratios and water uptake of parboiled rice using the traditional method and parboiled rice samples from rough rice soaked with different concentrations of NaCl solution and different levels of VI are displayed in Fig. 2a,  b . The concentration of NaCl and level of VI had a significant effect on both water uptake and elongation ratios (P \ 0.05). The highest values of water uptake were observed in the parboiled rice soaked in NaCl at 2%, and VI at 250 and 300 Pa. The elongation ratio increased as NaCl concentration and the level of VI increased. However, results were comparable to parboiled rice using the traditional method. The reduction of water uptake with increase in NaCl concentration could be attributed to water absorption of proteins in the parboiled rice. This may be because at high concentration NaCl induced the reduction of hydrogen bonding at the protein surface. On the other hand, after the milling, cracking and breaking, the grain 1990-1998 1993 kernels also increased in water uptake and consequently increased in hardness in the parboiled rice (Sareepuang et al. 2008 ).
Effect of NaCl and VI on visual color
Color is an important quality attribute for consumer acceptability of parboiled rice, and dark color reduces market value in several countries (Bhattacharya, 1985) . In this study, the parboiling conditions (VI levels and NaCl concentrations) had a significant effect (P \ 0.05) on the visual color (a*, b*, L* and DE) of the parboiled rice ( Table 1) . As NaCl concentration and levels of VI increased the L*, b*, and DE increased while the a * value decreased. Parboiled rice at 4% NaCl concentration and all levels of VI during soaking showed the highest L* and b*, whereas the lowest value was observed in parboiled rice produced by the traditional method. This may be because at higher concentration NaCl was able to prohibit nonenzymatic browning (Maillard reaction). The discoloration of parboiled rice was mainly caused by Maillard type nonenzymatic browning reaction and parboiling conditions (Pillaaiyar and Mohandass, 1981; Sareepuang et al. 2008) . These findings were similar to Tian et al. (2014) ; they noted that vacuum soaking enhanced the reduction of enzymes and enzymatic browning occurred in rice with less oxygen. Niamnuy et al. (2007) reported that as the rate of the Maillard reaction at high temperature increased, L* decreased and a* increased. Lamberts et al. (2008) , found that an increase in reducing sugar, free a-amino nitrogen and glucose isomerisation to fructose caused by non-enzymatic Maillard type of browning for color change in parboiled rice. Tian et al. (2014) reported that L* and the color intensity of cooked waxy rice were improved by vacuum soaking and high hydrostatic pressure (HHP) soaking. In addition, the contribution of pigments in the husk and bran diffusing into the endosperm also occurred during soaking (Subrahmanyan et al. 1938; Lamberts et al. 2006 ).
Effect of NaCl and VI on texture profiles of cooked parboiled rice
The cooked parboiled rice obtained from the different conditions significantly affected the texture profiles in terms of hardness and stickiness (P \ 0.05; Table 2 ). As NaCl concentration and level of VI increased, the hardness increased and stickiness decreased. Parboiled glutinous rice prepared by NaCl concentration at 2% and VI at 150, 200, and 250 Pa showed the lowest values of hardness and stickiness. However, the parboiled rice was comparable to that produced by the traditional method. These results were related to the water uptake. The decreasing in water uptake of the parboiled rice (4% NaCl and all levels of VI) resulted in increasing the hardness of cooked grain. This may be due to some starch granules located in central part of the grain, soaked at high NaCl concentration (4%), did not fully gelatinize during steaming which resulting in a hard texture. On the other hands, the increasing in hardness may be related to the reduction of amylose and amylopectin leaching from the grain (Hu et al. 2011 ). Amylose content is considered to be one parameter amongst others positively correlated to cooked rice hardness (Sowbhagya et al. 1987) . Changes in the properties of the rice starch depend upon not only amylose but also amylose-lipid complexes, the proportion of intermediate fractions, and short and long chains of amylopectin (Singh et al. 2007 (Singh et al. , 2014 . By contrast, vacuum soaking using water medium did not show a significant effect on cooked grain hardness and cohesiveness compared to that of rice soaked at atmospheric pressure (Tian et al. 2014) . However, the hardness in the cooked parboiled rice was dependent on several other factors including the chemical composition (moisture), balance of starch, gelatinization, soaking time Values with the same letter in the same columns are not significantly different (P \ 0.05) and temperature, and soaking methods (Rabiul et al. 2000; Sareepuang et al. 2008 ).
Effect of NaCl and VI on tocols and c-oryzanol
Tocols (tocopherols and tocotrienols) and c-oryzanol are naturally occurring phytochemicals which are mainly distributed in the bran layer and are removed along with into the bran fraction during the milling process (Qureshi et al. 2002; Loypimai et al. 2009 Loypimai et al. , 2016 . These compounds exhibit positive health benefits for the prevention of cardiovascular disease, atherosclerosis, osteoporosis, and ischemic heart disease (Tiwari and Cummins 2009 ). Tocols including a-tocopherol, d-tocopherol, c-tocopherol, c-tocotrienol and c-oryzanol in the parboiled rice prepared from different NaCl-VI soaking conditions are illustrated in Table 3 . Significantly different concentrations of a-tocopherol, d-tocopherol, c-tocopherol, c-tocotrienol and c-oryzanol were found in the parboiled rice samples (P \ 0.05). Overall, the parboiled rice obtained by soaking with NaCl concentration at 2% and VI of 300 Pa, and NaCl concentration at 4% and all levels of VI (150, 200, 250 , and 300 Pa) showed significantly high values of both tocols and c-oryzanol (P \ 0.05). Among the tocols, a-tocopherol was the major homolog in all parboiled rice. Interestingly, all parboiled rice prepared by NaCl-VI soaking provided significantly higher levels of either tocols or c-oryzanol than the parboiled rice obtained by the traditional process. This may be due to the bioactive compounds in rice grain such as tocols and c-oryzanol mainly locate in the outer layer of the rice grain and effectively contribute to the endosperm under NaCl-VI soaking by diffusion. On the other hand, less oxygen concentration induced by vacuum soaking reduced both the oxidative and enzymatic reactions, resulting in the loss of active substance compounds such as tocols and c-oryzanol. These results were supported by Thammapat et al. (2016) who reported that rough rice soaked in 3% (w/v) NaCl solution to give parboiled waxy rice showed significantly higher concentrations of polyunsaturated fatty acids (PUFA), total vitamin E, and coryzanol compared to parboiled rice by the traditional method. Thammapat et al. (2015) reported that as NaCl concentration and soaking temperature increased the coryzanol content also increased. Vacuum soaking is an effective process to inactivate enzymes such as catalase and polyphenol oxidase which are present in waxy rice (Knorr et al. 2006; Mabashi et al. 2009; Tian et al. 2014) . Nevertheless the digestible vitamins and high molecular weight polymers like bioactive compounds are degraded by hydrolytic enzymes during soaking (Ohtsubo et al. 2005) .
In this study, all the parboiled rice prepared by NaCl-VI soaking reduced soaking time by sixfold compared with the traditional method (data not show). Therefore, soaking rice Values are mean ± SD of triplicate samples (n = 3) based on dry weight
Values with the same letter in the same columns are not significantly different (P \ 0.05) grains in NaCl-VI for parboiling may inhibit the decomposition of valuable bioactive compounds such as tocols and c-oryzanol.
Effect of NaCl and VI on phenolic compounds
Phenolic acids (both soluble and insoluble) found in cereal grains are bound with polysaccharides at the cell wall (Thammapat et al. 2016) . The parboiling process significantly (P \ 0.05) affected phenolic compounds (gallic, syringic, p-coumaric and ferulic acids) in the parboiled rice (Table 4 ). The parboiled rice obtained by soaking with NaCl at 2% and VI at 250 and 300 Pa, and NaCl at 4% and at all levels of VI had significantly high concentrations of syringic acid (ranging 6.96-7.26 lg/g) and ferulic acid (ranging 166.72-189.63 lg/g; P \ 0.05). The parboiled rice from these combinations showed a fourfold increase in ferulic acid compared with rice parboiled by the traditional method. The highest concentrations of gallic and p-coumaric acids were found in parboiled rice with NaCl concentration at 4% and all levels of VI, while the concentration of caffeic acid showed no significant difference. The results were consistent with Thammapat et al. (2016) who found that parboiling using NaCl during the soaking step enhanced the concentrations of protocatechuic, syringic, ferulic and p-coumaric acids. This may be because NaCl-vacuum soaking accelerated water penetration and contributed free phenolic acids from the outer layer of the grain into the inner layer or endosperm. On the other hand, the NaCl-VI soaking reduced the enzymatic reactions occurring in the rice by generating low oxygen concentration as reported by Tian et al. (2014) . These factors are a major reason for the increase in phenolic acids using NaCl-VI soaked parboiled rice.
Conclusion
NaCl and VI significantly affected the quality and bioactive compounds of parboiled glutinous rice. This study demonstrated that the application of NaCl-VI soaking increased L* and DE of parboiled rice. The application of NaCl-VI soaking could reduce the soaking time and improved the concentrations of bioactive compounds compared to parboiled rice obtained by the traditional method. The highest concentrations of tocopherols, c-oryzanol, syringic acid, and ferulic acid were obtained from parboiled rice with NaCl concentration at 2% (w/v) and VI at 250 and 300 Pa. Moreover, the hardness of cooked rice and water uptake obtained from these conditions were also comparable to that produced by the traditional method. These findings suggest that the NaCl-VI soaking is an effective technique for parboiled rice production. However, further studies are required concerning consumer acceptability.
